A reassortant, TyRh, was isolated after coinfection of MA104 cells with avian Ty-1 and simian RRV rotaviruses. Hybridization and serological studies showed that the reassortant's 4th gene, which encodes Vp4, was derived from the simian RRV rotavirus parent, whereas the remaining 10 genes were derived from the avian Ty-1 rotavirus parent.
Rotavirus is the major viral pathogen responsible for acute neonatal gastroenteritis in humans and animals (6) . The rotavirus genome consists of 11 segments of double-stranded RNA, so that reassortment of gene segments occurs readily during coinfection of cells in tissue culture. There have been many examples of reassortants, either naturally occurring or those made in vitro, between rotaviruses of different mammalian species as well as reassortants between strains of human and animal rotaviruses, but no reassortants between avian and mammalian rotaviruses have previouslv been described (10, 12, 14, 22, 23, 25) .
Reassortants have been useful in gene-coding and gene function studies. For example, the main inner capsid protein, Vp6, is encoded by the sixth gene, which contains domains specifying common and subgroup antigens (9, 18) . The fourth gene codes for Vp4, an outer capsid protein that is the second neutralizing antigen (11, 30) which is also responsible for hemagglutination (17) , and virulence (30) and has the site for trypsin cleavage which activates infectivity (17, 19) . The major outer-shell protein Vp7 is encoded by the seventh, eighth, or ninth gene segment, depending on the strain, and is the major neutralization antigen (5, 9, 18, 23, 24, 29) . Analyses of particular reassortants have also demonstrated the independent segregation of Vp7 and Vp4 neutralization specificities (11, 15, 22) . Both Vp4 and Vp7 have been found to be protective as immunogens (13, 31) . In this study, we report on the isolation and characterization of a novel reassortant, TyRh, resulting from the coinfection of MA104 cells with an avian rotavirus strain, Ty-1, and a simian rotavirus strain, RRV. The growth and neutralization tests of the rotavirus strains were carried out as previously described (26) . The reassortant TyRh and the Ty-1 strains were individually plaque purified three times in the presence of trypsin by published methods (17) . Rabbit hyperimmune sera to RRV, Ty-1, and the reassortant TyRh were raised in seronegative rabbits according to an immunization schedule described previously (1) . Genomic double-stranded RNAs were extracted from cell lysates and electrophoresed on a 10% polyacrylamide gel and stained with silver nitrate as previously described (26) . The single-stranded RNA probes (mRNA) were made by in vitro transcription as described by Cohen et al. (4) . Northern (RNA) blots were prepared by alkaline transfer of * Corresponding author. double-stranded RNA separated by polyacrylamide gel electrophoresis (PAGE) to Zeta Probe membranes as previously described (27) . High-stringency prehybridization and hybridization conditions used were similar to those described by Flores et al. (7) . The membranes were incubated for 2 h at 55°C in a solution containing 1.5 x SSPE (1x SSPE is 0.18 M NaCl, 10 mM NaPO4, and 10 mM EDTA [pH 7]), 1% sodium dodecyl sulfate, 50% formamide, 1% skim milk powder, and 0.2 mg of sonicated salmon sperm DNA per ml. To this solution, the 32P-labelled mRNA probe was added, and the mixture was incubated for 16 h at 55°C. After hybridization, washes were carried out as outlined by Nakagomi et al. (27) . Under such hybridization conditions, and with an assumed GC content of 43%, the effective hybridization temperature for RNA was Tm -24°C (2), thus allowing RNA with a homology of 75.6% or greater to bind. The RRV, Ty-1, and reassortant TyRh viruses were tested in plaque reduction neutralization tests as previously described (33) .
In the course of plaque purifying the Ty-1 strain from a stock that was copassaged three times with RRV, a virus with an RNA pattern different from that of either Ty-1 or RRV was isolated. This isolate was plaque purified another three times. From the RNA pattern, it appeared that the isolate contained the Vp4 gene segment from RRV, whereas the remaining 10 segments were all of Ty-1 origin (Fig. 1) . Under high-stringency hybridization conditions, a P-labelled probe of TyRh mRNA was hybridized to TyRh, RRV, and Ty-1 double-stranded RNA (Fig. 2) . At this level of stringency, the probe bound to all 11 A series of anti-Vp4 monoclonal antibodies (MJAbs), Mll, M14 (20) , 7A12, 1A9, 5C4, and 2G4 (32) , were used in plaque reduction neutralization tests against RRV, TyRh, and Ty-1 (Table 2) . With the exception of the MAb 2G4, which shows heterotypic neutralization specificity, these MAbs react exclusively with RRV (20 reactivity of the MAb 1A9 against RRV Vp4 in the reassortant TyRh was abolished, whereas the reactivities of MAbs 2G4, Mll, and 5C4 were reduced to 25, 12.5, and <12.5%, respectively. These results suggest that the Ty-1 Vp7 inhibits the abilities of MAbs lA9, 5C4, and Mll (all directed at the Vp8 portion of Vp4) and MAb 2G4 (which is directed at the Vp5 region of Vp4) to bind and neutralize the reassortant (14) suggest that the interaction between Vp4 and Vp7 can affect the immunogenicity of one or both proteins. The findings of this study demonstrate that Vp8 epitopes, in particular, can be affected by the presence of different Vp7 molecules. Reassortants have been made by using temperature-sensitive mutants of rotaviruses to retrieve human strains that in the past could not be grown in cell culture (9, 10, 12, 17) . MAbs against either Vp7 or Vp4 were also used to select for reassortants containing one or both of these neutralization antigens from a particular parent virus (23, 24) . Earlier attempts to isolate reassortants between avian rotavirus strains other than Ty-1 and mammalian rotaviruses with or without the use of MAbs as a method of selection failed to yield any reassortants (21, 28) . Since there was no need for any antibody pressure on the coinfection mix to produce the reassortant TyRh in vitro, it can no longer be assumed that such reassortment with avian rotaviruses cannot occur in vivo. The human neonatal isolate M37 has been shown to share Vp4 neutralization specificity with the serotype 4 strain ST3, while the Vp7 neutralization specificity is shared with the serotype 1 strain Wa. This naturally occurring isolate and the porcine SB-1A strain appear to be examples of in vivo reassortment (14) . This, along with evidence of high-frequency reassortment of two simian rotaviruses in vivo in mice (8) , suggests that the possibility of avian rotaviruses reassorting with human or animal rotaviruses within the different hosts cannot be discounted.
